Objectives To evaluate the role of ambulance response times in improving survival for out-of-hospital cardiac arrest (OHCA). Methods OHCAs were identified by sampling consecutive life-threatening category A emergency ambulance calls on an annual basis for the 5 years 1996/ 7e2000/1 from four ambulance services in England. From these, all calls where an ambulance arrived at the scene and treated or transported a patient were included in the study. These cohorts of patients were followed up to discharge from hospital. Results Overall, 30 (2.6%) of the 1161 patients with cardiac arrest survived to hospital discharge. If the patient arrested while the paramedics were on scene, survival to hospital discharge was 14%. The most important predictive factors for survival were response time, initial presenting heart rhythm in ventricular fibrillation and whether the arrest was witnessed. The estimated effect of a 1 min reduction in response time was to improve the odds of survival by 24% (95% CI 4% to 48%). The costs of reducing response times across the board by 1 min at the time of this study were estimated at around £54 million. Conclusions
INTRODUCTION
It is well known that survival for patients with out-of-hospital cardiac arrest (OHCA) is dependent on their receiving treatment within a very short time frame. A linear inverse relationship between delay in resuscitation and survival has been documented in a number of studies, and it is generally accepted that people who collapse and are without a pulse for >12 min with no intervention are unsalvageable. 1 Early recognition and access to treatment, early cardiopulmonary resuscitation (CPR) and early defibrillation are all key to survival. Provision of defibrillation by trained paramedics in particular has the potential to improve outcome in sudden cardiac arrest. A Canadian study found a steep decline in survival during the first 5 min after arrest, with the odds of survival decreasing by 23% for each additional minute of delay to defibrillation. This suggested that standards for response intervals would produce additional survivors for every minute reduction in response time interval. 2 Shorter ambulance response times are associated with an increased probability of receiving early defibrillation and subsequent survival, 3 although this relationship has not always been found. 4 A number of studies have also reported improvements in survival when the cardiac arrest is witnessed by emergency medical services (EMS) personnel, supporting the concept of rapid EMS response. 5 6 Other factors have also been shown to influence survival in OHCA. One study in Sweden identified six factors for increasing the chance of survival (initial rhythm, rapid arrival of the rescue team, place of arrest, witnessed status, bystander CPR and age). 5 Perhaps because of differences in the prevalence of these factors, survival rates have been found to differ widely between areas, from 26% in one US city, 7 9% in Amsterdam, 8 8% across 10 North American sites, 9 7.8% in Australia, 10 6.7% in Italy 6 and 2% in Canada 11 and England. 12 Evidence showing the importance of early recognition and early access to treatment in survival in OHCA formed the main evidence base for the current ambulance response time standards in England and Wales. 13 The main performance standard states that 75% of high priority category A emergency ambulance calls are to be responded to within 8 min. The rationale is that a faster response to life-threatening emergencies, particularly OHCA, could lead to an increase in the number of lives saved.
The purpose of this report is to clarify the relationship between ambulance response times and survival to hospital discharge in OHCA and inform policy for ambulance response times in the UK. It was part of a larger study examining the effect of the introduction of the UK's ambulance service performance standards on outcome in life-threatening category A emergency ambulance calls. 14 
METHODS

Study design
The study was part of an evaluation over 5 years into the effect of ambulance response times on patient outcome for a sample of category A life-threatening calls in four ambulance services. The services were included in the study as they had priority dispatch systems in place to categorise calls, were planning to record response times for different categories of calls and represented the range of environment typically encountered in England. Ethical approval for the study was obtained from 24 ethics committees covering the 27 hospitals to which patients could be taken within the geographical boundaries of each of the study ambulance services.
Case selection
Consecutive life-threatening calls in which the patient was reported as unconscious or not breathing or with acute chest pain were collected from each ambulance service annually for 5 years, using the emergency medical dispatch codes employed by the four ambulance services to prioritise calls as life-threatening (category A).
Data collection
Data on response time, defined as the interval from time of the call to time the first ambulance arrived on scene, were collected from routine ambulance service data. All on-scene details recorded in the ambulance patient report form relevant to the OHCAs were collected including observations, treatment, witness and bystander CPR status. If the patient was taken to hospital, the patient's emergency department records and inpatient notes (when admitted) were obtained to determine clinical status and final outcome (whether discharged alive or died).
Identification of cardiac arrests
In our study we defined possible OHCA as being present if it was detailed on the ambulance patient report form that a patient had no vital signs and CPR was attempted by EMS personnel outside of hospital. Possible cases of OHCA with a non-cardiac diagnosis documented in the emergency department or hospital inpatient notes were excluded from the analysis in accordance with the Utstein style. 15 
Data analysis
Deaths before arrival at hospital, in the emergency department and in hospital were combined to assess death versus survival to discharge. Survival was examined in relation to whether the arrest was witnessed by EMS crews or other bystanders, the use of bystander CPR and presenting rhythm. For arrests witnessed by non-crew members, these factors were included with ambulance response time in a logistic regression model to estimate the benefit in terms of the reduced odds of deaths of improving response times by 1 min. This estimate of the benefit of reducing response times by 1 min was used in conjunction with published epidemiological, cost and quality of life data in order to estimate the cost to the NHS of reducing ambulance response times by 1 min.
RESULTS
A total of 1258 patients in whom there was attempted resuscitation were classified by the attending paramedics as having an OHCA. Eighty of these patients had a non-cardiac diagnosis recorded and these patients were excluded from the analysis according to the principles outlined in the Utstein publication (see table 1 ). 15 No outcome was found for a further 17 cases, leaving 1161 patients in the main analysis. The median age of the patients was 71 years (IQR 60e79) and just over two-thirds were male (787/1148, 13 not known).
Survival
Overall, 30 (2.6%) of the 1161 patients with cardiac arrest survived to hospital discharge.
Crew-witnessed arrests
Not all of the 1161 patients had an ambulance called because they had arrested. In 58 cases the arrest occurred after the crew arrived at the patient. Eight of these 58 patients survived (13.8%) compared with just 19 of the 1054 patients (1.8%) whose arrest was not witnessed by crews (table 2) . For a further 49 patients there was no information about whether the arrest was witnessed by the crew.
Rhythms
An initial rhythm was recorded for 1010 of the 1161 patients, of whom 25 (2.5%) survived (20 of these were in ventricular fibrillation (VF)). The survival rate for patients whose arrests were witnessed by EMS crews who were found in VF was 25% (5/20) compared with 3.8% (15/395) for those VF arrests not witnessed by crews (table 3) . A total of 170 patients were initially recorded to be in pulseless electrical activity and, in 11 of these cases, the patient was recorded as being in sinus rhythm after receiving CPR, although only 4 survived to hospital discharge.
Bystander intervention
Of the 1054 patients whose arrests were not witnessed by crews, nearly half (437) were recorded as witnessed by bystanders. Twelve of these patients (2.8%) survived compared with only 5/559 (0.9%) of those not recorded as witnessed. Overall, 8/240 (3.3%) of patients survived whose collapse was witnessed and who were given bystander CPR compared with 4/ 190 (2.1%) who were not given CPR (table 4). For those patients 
Response times
In the 1054 patients whose arrests were not witnessed by crews after they had arrived on scene, 19 patients (1.8%) survived. The survival rates by response time are shown in figure 1. Of these 19 survivors, 15 (79%) had a response time of #8 min and 12 (63.2%) were responded to by a crew within 6 min. However, 4 (21%) had a recorded response time of 8e12 min. Examining the effect of response time in patients found in VF (figure 2) shows that short response times (<6 min) can lead to a survival chance of >5%. Of those patients in VF who were attended within 6 min and who also had bystander CPR, 9/62 (14.5%) survived (figure 3).
Factors associated with survival in OHCA not witnessed by crew
Including all the factors and the patient's age in a multiple logistic regression model, the most important predictive factors for survival were age, response time and whether or not in VF (table 5) . The estimated effect of a reduction in response time of 1 min was to improve the odds of survival by 24% (95% CI 4% to 48%).
Estimate of quality-adjusted life years
A reduction in response times of 1 min was estimated to improve the odds of survival by 24% (in effect increasing survival from our reported rate of 2.6% to 3.2%). The most recent data on the incidence of OHCAs in England and Wales reported that resuscitation was attempted in 24 936 cases. 16 An increased survival rate of 3.2% would therefore translate into approximately 149 more survivors in OHCA per year. Assuming that the survivors live for an average of 5.61 years after discharge 17 with a quality of life utility of 0.72, 18 19 then on average each survivor would achieve 3.72 quality-adjusted life years (after discounting at 3.5%).
Costs
Data collected by a typical English ambulance service in 1998 suggested that a reduction in average ambulance response times of 1 s would cost £28 000 per year. 20 According to these study figures, a reduction in average response times of 1 min would therefore mean an annual cost of £1.68 million to that service alone. At the time our study, which was before the merger of ambulance service trusts, this would have represented a cost to the NHS in England and Wales of approximately £54 million (based on 32 ambulance trusts).
DISCUSSION
We have examined the influence of possible predictive factors on survival in patients with OHCA in a large unselected cohort of routinely managed patients with cardiac arrest. Overall, 30 (2.6%) of the 1161 patients with cardiac arrest survived to hospital discharge. Our figure of 2.6% is lower than some UK studies 21e23 but corresponds with another. 12 We did not exclude patients in our study in whom resuscitation was terminated in the community or who were dead on arrival at hospital, as in some UK studies.
21e23 Our comprehensive unselected cohort may provide a more accurate estimate of survival in cardiac arrest in routine practice. The estimated effect of a reduction in response time of 1 min is to improve the odds of survival by 24% (95% CI 4% to 48%). This closely replicates an earlier study which found an increase in the odds of survival of 23% for a 1 min reduction in response time. The association between response time and survival shown in our study was expected, and the value of our analysis lies in quantifying this effect and assessing the implication for ambulance response time policy in the UK. Using our data in conjunction with published data, we have estimated that a 1 min reduction in response times would save approximately 149 lives per year and that each survivor would achieve 3.72 quality-adjusted life years. The UK NHS is currently willing to afford no more than approximately £20 000e30 000 per qualityadjusted life year for health care, 24 which equates to spending approximately £11 million to £17 million to reduce response time targets by 1 min across the board based on saving 149 lives per annum. According to our cost analysis, we estimate the cost to the NHS in England and Wales of this 1 min reduction in response times at approximately £54 million. This suggests that reducing ambulance response times across the board in order to save the lives of people with OHCA may not represent a costeffective policy unless there are substantial additional benefits.
Shorter response times are increasingly important in survival in OHCA if other predictive factors are also present in patients. In patients in VF who have already arrested and whose collapse is witnessed by bystanders, a rapid response within a few minutes results in 5e10% of patients being resuscitated and surviving to discharge. In addition, if these patients receive CPR, a rapid response may produce results that are better than this. Of course it is not possible to selectively target a quicker response to these particular groups of OHCA patients.
We have found that the arrival of a crew prior to OHCA means that the chance of surviving the arrest increases sevenfold. Paramedics are also able to prevent arrest, for example, by using prehospital thrombolysis. A quick response to patients with severe acute crushing chest pain may enable rapid reperfusion preventing arrest in some patients and resuscitation in 14% of those who do arrest in the presence of the crew. Overall it is possible that rapid response to patients in immediate risk of arrest may be at least as beneficial as rapid response to those who have arrested. Other approaches to improving survival from cardiac arrest that may be more cost-effective than reducing response times include more emphasis on the quality of care provided by paramedics at the scene, greater public access to defibrillators, public training in basic life support 25 and secondary prevention in patients with established cardiovascular disease to prevent OHCA.
Limitations
All data collected in this study including response times were calculated from routine data collected by the four ambulance services included in the study and these data were of variable quality. For the purposes of our study we assumed that the times recorded in the ambulance service data were valid. However, discrepancies in the way UK ambulance services record times have been reported. 26 It is possible that incorrect recording of times occurred in our data, artificially improving our reported response time results. Estimated costs of reducing ambulance response times by 1 min in this study are based on data collected before the merger of ambulance services in 2006. Our primary endpoint was survival to hospital discharge and we were therefore unable to assess quality of life in our cohort of survivors, although estimates were made for our cohort using data from previous case reviews.
